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Study Objectives: Growing literature suggests that patients with restless legs syndrome (RLS) may be at increased risk for hypertension, heart disease, and 
stroke. Cerebral small vessel disease (SVD) is a known risk factor for clinical stroke. This study evaluated silent cerebral SVD by MRI in patients with RLS, in 
the absence of a history of previous clinical stroke or known stroke risk factors and taking into account disease duration.
Methods: Fifty-three patients with RLS < 10 y were prospectively recruited along with 44 with RLS > 10 y and 74 normal controls. A magnetic resonance 
imaging study was obtained from all subjects and scans were analyzed for area and volume of SVD.
Results: There was a significant increase in SVD area in the entire group of RLS patients compared to controls (P = 0.036); this was almost entirely driven 
by the group with RLS > 10 y. SVD area and volume were significantly increased in patients with RLS > 10 y with respect to both controls (P < 0.0001 and 
P < 0.0014, respectively) and RLS < 10 y (P < 0.00022 and P < 0.003, respectively). Age, duration of RLS, and the interaction of age and duration of RLS 
were independent predictors of SVD disease. Duration of RLS was an independent predictor of the burden of cerebral SVD (area P < 0.00012 and volume 
P < 0.0025), whereas sex and insomnia were not.
Conclusion: RLS duration should be taken into account when analyzing the association between RLS and cerebrovascular disease; our data support the 
hypothesis that a long-lasting RLS and its accompanying periodic limb movements in sleep are a risk factor for silent SVD and perhaps for the development 
of clinical stroke.
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INTRODUCTION
The relationships between stroke and restless legs syndrome 
(RLS) as well as between stroke and periodic leg move-
ments during sleep (PLMS) have been little studied. To date, 
evidence indicates that RLS and PLMS may lead to clinical 
stroke1–3 as well as the reverse, i.e., that clinical stroke may lead 
to RLS/PLMS,4 with a third group of studies showing no rela-
tionship.5 In our latest prospective epidemiology study, 72,916 
female registered nurses were followed for 6 y and RLS was 
significantly associated with an increased incidence of stroke 
that was dependent on the severity of RLS for participants with 
RLS symptoms > 15 times per month; the association was par-
ticularly strong for ischemic stroke alone (adjusted hazard ratio 
3.52, P = 0.01).1

Cerebral small vessel disease (SVD) in the absence of clin-
ical stroke is a risk factor for future stroke.6 In addition, in one 
of our previous studies we showed that heart disease is more 
likely to develop in the individuals with RLS of longer dura-
tion.7 Because of these considerations we conducted a study 
where we a priori divided patients with RLS into those with 
shorter duration and longer duration of disease versus a control 
group to examine the burden of cerebral SVD. In addition, in 
another of our previous studies with a design similar to the cur-
rent study there was a nonstatistically significant trend toward 
the presence of silent cerebral vascular disease in RLS by mag-
netic resonance imaging (MRI) but the data required statistical 
correction for additional stroke risk factors.8 We therefore have 
now examined these relationships in the absence of known risk 
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Significance
Restless legs syndrome (RLS) has been reported to lead to cerebrovascular disease by some authors, to be an effect of stroke by others and to have 
no relationship by another group of authors. This study demonstrates that patients with long-lasting RLS are significantly more frequently affected by 
cerebral small vessel disease than those with short-duration RLS or controls, that cannot be explained by the presence of other known risk factors. 
This is the first study that demonstrates an increased frequency of cerebral small vessel disease in RLS which might represent a risk factor for the 
development of clinical stroke later during the chronic disease course.

factors (such as hypertension, diabetes, hypercholesterolemia, 
previous stroke, previous heart disease, sleep apnea, etc.) and 
taking into account sleep architecture and the eventual role of 
PLMS. To our knowledge this is the first MRI study aiming to 
establish the presence of silent cerebral SVD in RLS subjects 
in comparison to controls.

METHODS

Patient and Control Selection
The recruitment of patients was carried out in two centers; 83 
consecutive patients were selected, following the inclusion/
exclusion criteria detailed in the next paragraph, among 273 
patients with a diagnosis of RLS admitted at the Sleep Re-
search Centre, Department of Neurology I.C., Oasi Research 
Institute, Troina (Italy) between the years 2010 and 2014. The 
same center recruited 65 normal controls. Two other groups of 
14 RLS patients and 9 controls were recruited, following the 
same inclusion/exclusion criteria by the Department of Neu-
rology at the Vanderbilt University Medical Center, Nashville, 
TN (USA).

A total group of 171 subjects was thus recruited following 
the inclusion/exclusion criteria: 74 normal controls (53 fe-
males and 21 males, mean age 53.3 y, 13.36 standard deviation 
[SD]) and 97 RLS patients (72 females and 25 males, mean 
age 54.2 y, 12.95 SD). The male/female sex composition of the 
two groups was not significantly different (chi-square 0.14, not 
significant). All patients had a history and physical (including 
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neurological) examination by a physician experienced in the 
diagnosis of RLS who confirmed the diagnosis.

Inclusion criteria were: (1) subjects age 25–80 y, with 
or without RLS; (2) RLS patients meeting the minimum di-
agnostic criteria developed by the International RLS Study 
Group (IRLSSG) excluding false positives (mimics)9 and IRLS 
Severity Scale10 higher than 15; (3) controls without RLS and 
without a first-degree relative (mother, father, brother sister, 
child) with RLS. Exclusion criteria were: (1) inability to give 
consent because of mental retardation, dementia, or inability to 
understand the consent due to a language barrier; (2) inability 
to undergo MRI scan because of metal implants from previous 
surgery in the chest or brain; (3) history of any risk factors for 
stroke such as high cholesterol (≥ 250 mg/dL), diabetes, heart 
disease or hypertension (blood pressure > 150/100 mm Hg 
in any of the available measurements) or use of medications 
for any of these conditions; (4) previous history of stroke or 
transient ischemic attack, cigarette smoking or obesity with a 
body mass index > 40; (5) sleep apnea, as documented by an 
apnea/hypopnea index > 15/h or a history of snoring or cessa-
tion of breathing; (6) other severe medical or neurological dis-
ease (kidney disease, liver disease, Parkinson disease, multiple 
sclerosis, neuroleptic-induced akathisia or other movement 
disorder, Alzheimer disease or uncontrolled epilepsy, severe 
head trauma, rheumatoid arthritis, peripheral neuropathy or 
radiculopathy) or severe psychiatric disease (severe depres-
sion, anxiety, schizophrenia); (7) pregnancy, determined from 
the time of the last menstrual period. Based on the frequent 
difficulty for persons with a long RLS history to recall the 
exact date of the disease start and in order to test our initial 
hypothesis on the disease duration, patients were subdivided 
into two disease duration subgroups: those with a history of 
RLS for less than 10 y (RLS < 10 y; n = 53, 42 females and 
11 males, mean age 53.7 y, 11.77 SD) and those with a history 
of RLS for at least 10 y (RLS > 10 y; n = 44, 30 females and 
14 males, mean age 54.8 y, 14.36 SD). With this simple but 

practical classification, all patients 
found it easy to indicate their status 
with regard to their disease duration.

Experimental Design
In addition to the demographic in-
formation available for all patients 
and controls, the following data were 
collected for all RLS patients: IRLS 
Severity Scale,10 Epworth Sleepiness 
Scale,11 Insomnia Severity Index,12 
blood glucose (fasting), total choles-
terol, high-density lipoprotein choles-
terol, blood iron, and ferritin.

MRI was obtained on all patients 
and controls. All cerebral MRI scans 
were analyzed by an investigator 
(M.M.) masked to the presence/ab-
sence or duration of RLS in patients 
and controls, using a computerized 
digital image analysis program (Im-
ageJ, v1.37; National Institutes of 

Health, Bethesda, MD, USA). Individual axial fluid-attenuated 
inversion recovery images were reviewed for identification 
and quantification of microvascular ischemic changes in the 
subcortical fiber tracts and deep nuclear regions of the hemi-
spheres, as well as in the pons of the posterior fossa. Prior to 
image processing, the scale for image analysis was formatted to 
that used in the production of the MRI scan. Individual images 
containing microvascular lesions were selected and processed 
by manipulation of contrast and intensity functions so as to 
delineate and isolate the ischemic areas, and to exclude and 
eliminate nonischemic normal regions (Figure 1). Individual 
lesion areas were calculated by automated program analysis, 
lesion volumes were approximated by simple multiplication of 
lesion area by slice tomography dimension, and final/total le-
sion volume was determined additively.

Complete polysomnographic sleep studies were ob-
tained in 64 RLS patients (31 with RLS < 10 y and 33 with 
RLS > 10 y), which included the electromyographic recording 
from the tibialis anterior muscles. Polysomnographic record-
ings were scored following standard criteria for both sleep 
staging13 and periodic leg movements analysis and the pres-
ence or absence of sleep apneas and hypopneas.14

The study protocol received prior approval by both Institu-
tional Review Boards (Troina and Nashville) and written in-
formed consent was obtained from each subject, according to 
the Declaration of Helsinki.

Statistical Analysis
The Student t-test was used to compare controls and RLS pa-
tients or the two RLS patient subgroups whereas the one-way 
analysis of variance was used for the comparison between con-
trols and the two RLS subgroups, followed by post hoc least 
significant difference test for the comparison between the dif-
ferent group pairs, when analysis of variance was significant. 
Moreover, in order to better detail the association between 
SVD area and volume with selected parameters of interest (sex, 

Figure 1—Image processing. Example of an original image (A) in which small vessel disease areas 
have been delineated by manipulation of contrast and intensity (B).
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age, insomnia severity, RLS duration and its interaction with 
age) a multivariate regression analysis was performed. Finally, 
the correlations (Pearson correlation) between SVD area (or 
volume) and age of the subjects were assessed for each of the 
three groups of subjects separately and the estimated slopes of 
the regression lines were compared.

Of the 97 RLS subjects, 27 remained on RLS medication (13 
in the RLS < 10 y and 14 in the RLS > 10 y), which included 
dopamine agonists, opioids, anticonvulsants, benzodiazepines, 
or combinations thereof and a subanalysis was done repeating 
this same regression but excluding those subjects on RLS med-
ication from the comparison, in order to control for the poten-
tially confounding effect of medication on the results. For the 
comparison of differences in frequencies, the chi-square test 
was used.

RESULTS
Table 1 reports the comparison between all parameters obtained 
in controls and in the two individual patient groups considered 
in this study. Age was very similar in the three groups and 
not statistically different at the chi-square test. IRLS Severity 
Scale was very similar between the two RLS patient groups 
and not statistically different. Epworth Sleepiness Scale was 
slightly increased in both RLS groups, with statistically sig-
nificant difference between controls and RLS < 10 y. However, 

there was no statistically significant difference between the 
RLS groups in the Epworth Sleepiness Scale. The Insomnia 
Severity Index was significantly increased in both RLS groups 
versus controls, without statistically significant difference be-
tween the two RLS groups.

None of the blood parameters (glucose, total and high-
density lipoprotein cholesterol, iron, and ferritin) showed 
statistically significant differences between the groups; 
however, ferritin showed a non-significant decreasing trend 
compatible with the iron deficiency hypothesis for RLS: 
(controls) > (RLS < 10 y) > (RLS > 10 y).1

On polysomnography there were no statistically significant 
differences in sleep architecture including the percentages 
of the different stages of total sleep time (Table 1) between 
the two RLS patient subgroups and also the PLMS index was 
not different. There was only a tendency for the RLS > 10 y 
group to have slightly shorter time in bed and slightly longer 
sleep latency than patients with RLS < 10 y. As specified in the 
Methods section, none of the subjects included in this study 
had a history suggestive of clinically significant apnea and this 
was confirmed by these results.

Finally, there was a significant increase in SVD area (but not 
volume) in the group of RLS patients as a whole versus controls 
(RLS mean area 2.5 cm2, 5.51 SD versus controls mean area 
1.1 cm2, 2.27 SD; t = 2.115, P = 0.036). This was driven almost 

Table 1—Comparison of all parameters obtained in the three subgroups of subjects recruited for this study.
1. Controls 2. RLS < 10 y 3. RLS > 10 y ANOVA Post hoc LSD (P < )

Mean SD Mean SD Mean SD F P 1 vs. 2 1 vs. 3 2 vs. 3
Age, y 53.3 13.36 53.7 11.77 54.8 14.36 0.178 0.837
Epworth Sleepiness Scale 5.7 3.88 9.7 4.35 8.4 5.31 3.301 0.041 0.014 NS NS
Insomnia Severity Index 3.4 2.01 13.3 3.64 13.3 6.17 13.814 0.00002 0.00005 0.000008 NS
Magnetic Resonance Imaging

SVD area, cm2 1.1 2.27 1.0 0.90 4.3 7.80 9.529 0.00012 NS 0.0001 0.00022
SVD volume, cm3 0.5 1.11 0.5 0.45 1.7 3.67 6.197 0.0025 NS 0.0014 0.003

Blood Measurements
Glucose (fasting), mg/dL 89.0 13.19 87.1 12.51 89.4 19.89 0.328 0.721
Total cholesterol, mg/dL 203.8 31.20 208.0 29.15 195.8 32.51 1.870 0.157
HDL cholesterol, mg/dL 57.2 13.74 54.6 10.56 51.3 13.86 2.910 0.057
Iron, µg/dL 91.1 33.50 84.3 28.97 95.5 35.49 1.372 0.257
Ferritin, µg/L 141.3 172.84 105.3 168.17 87.9 82.55 1.505 0.226

Student t-test
t P

IRLS Severity Scale 25.2 4.44 25.2 6.77 −0.027 0.978
Polysomnography

Time in bed, min 497.4 67.62 467.8 69.88 1.717 0.091
Total sleep time, min 373.4 96.88 363.1 81.92 0.461 0.646
Sleep latency, min 14.0 6.94 21.1 18.98 −1.960 0.055
REM sleep latency 137.1 85.72 145.5 97.42 −0.365 0.716
Sleep efficiency, % 75.0 16.50 77.5 11.78 −0.697 0.489
WASO, % 22.2 16.69 17.8 12.31 1.226 0.225
Stage N1, % 6.1 4.15 9.3 15.64 −1.075 0.287
Stage N2, % 46.3 12.80 51.5 15.44 −1.459 0.150
Stage N3, % 5.6 3.09 5.8 5.32 −0.179 0.858
Stage R, % 17.2 7.09 14.7 7.15 1.448 0.153
PLMS index (per hour) 23.0 32.25 25.5 33.49 −0.305 0.761
AHI (per hour) 6.33 5.29 5.40 4.94 0.722 0.473

AHI, apnea-hypopnea index; ANOVA, analysis of variance; HDL, high-density lipoprotein; IRLS, international restless legs syndrome; LSD, least significant 
difference; NS, not significant; PLMS, periodic leg movements during sleep; REM, rapid eye movement; RLS, restless legs syndrome; SD, standard 
deviation; SVD, small vessel disease; WASO, wakefulness after sleep onset. 
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entirely by the RLS > 10 y group as can be seen in Table 1, 
which shows that both SVD measurements (area and volume) 

are significantly increased in patients 
with RLS > 10 y when compared sepa-
rately to either the RLS < 10 y group 
or the controls, without a statistically 
significant difference between controls 
and the RLS < 10 y group.

The top panel of Figure 2 shows the 
effect of age on the SVD area measure-
ment in all groups of subjects. As ex-
pected, the correlation is positive and 
statistically significant in all groups; 
however, the slope of the regression line 
found in the RLS > 10 y group is signifi-
cantly higher than that found in controls 
(t = 2.328, P < 0.022) and in RLS < 10 y 
patients (t = 3.329, P < 0.0012), whereas 
the slope of the regression lines of con-
trols and RLS < 10 y patients does not 
differ (t = 0.307, not significant). The 
bottom panel of Figure 2 shows the ef-
fect of age on the MRI SVD volume 
measurement in all groups of subjects. 
Again, the correlation is positive and 
statistically significant in all groups and 
the slope of the regression line in the 
RLS > 10 y group is steeper than that 
found in controls or in the RLS < 10 y 
group but, in this case, the differences 
do not reach statistical significance. As 
some data looked like outliers at the 
simple visual inspection of the graphs, 
a formal detection of outliers was ap-
plied, based on the Grubbs test,15 and 
only one patient in the RLS > 10 y 
group showed SVD area and volume 
measurements that were identified as 
outliers; however, the elimination of 
this patient from the analysis did not 
cause significant changes of the corre-
lation results (r = 0.536 instead of 0.537 
for area and r = 0.585 instead of 0.538 
for volume).

Table 2 shows, in detail, the multi-
variate regression analysis of SVD area 
and volume with selected parameters 
obtained in the subjects recruited for 
this study. Both age and disease dura-
tion correlate positively with SVD area 
and volume and also their interaction is 
statistically significant. RLS duration 
alone, however, is also an independent 
predictor of SVD area and volume dis-
ease (SVD area P < 0.00012 and volume 
P < 0.0025). Similarly, to the t tests per-
formed, RLS status does show an ef-
fect upon SVD area (P < 0.036) in the 

regression analysis. On the contrary, sex, daytime sleepiness, 
and insomnia severity do not exert a significant effect.

Figure 2—Correlation between cerebral small vessel disease (SVD) area (top panel) or volume (bottom 
panel) and age in the three subgroups of subjects recruited for this study. RLS, restless legs syndrome.

Table 2—Multiple regression analysis of cerebral small vessel disease area and volume with 
selected parameters obtained in the subjects recruited for this study.

SVD area, cm2 SVD volume, cm3

R2 (bivariate) P < R2 (bivariate) P < 
Sex 0.009 NS 0.007 NS
Age, y 0.132 0.000001 0.143 0.000001
Insomnia Severity Index 0.001 NS 0.000 NS
Epworth Sleepiness Scale 0.009 NS 0.009 NS
RLS duration 0.102 0.00012 0.069 0.0025
RLS/control 0.026 0.036 0.019 NS
Age*RLS duration 0.150 0.000001 0.109 0.00006

Whole model R2: SVD area = 0.449, P < 0.0013; SVD volume = 0.483, P < 0.00045. NS, not 
significant; RLS, restless legs syndrome; SVD, small vessel disease.
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The same significant correlations and interaction are found 
when patients under drug treatment are not included in the 
analysis, in order to exclude a possible effect of this variable.

DISCUSSION
The first key finding of our study is that for the entire group of 
RLS patients there is a significantly increased SVD area com-
pared to controls. Second, patients with RLS > 10 y have more 
silent cerebrovascular disease than patients with RLS < 10 y or 
controls. These results are independent of other cardiovascular 
risk factors such as a history of stroke, cardiovascular disease, 
hypertension, diabetes mellitus, high cholesterol, sleep apnea, 
cigarette smoking, obesity, etc., as we excluded such individ-
uals from participation in the study. In addition, laboratory-
measured blood pressure, fasting cholesterol, and blood sugar 
confirm the absence of such risk factors. This result is also in-
dependent of sex and the level of daytime sleepiness, nighttime 
insomnia, and RLS medication. In a regression analysis, age 
and the interaction of age and duration of RLS are statistically 
significant predictors of the burden of SVD but the duration of 
RLS is also a statistically significant independent predictor of 
cerebral SVD.

Neither the PLMS index nor RLS severity as determined by 
the IRLS were statistically different between the two RLS sub-
groups. The PLMS index was determined on a single night of 
study and RLS severity was determined over the week prior to 
administration of the scale; in other words, both measurements 
were done at a relatively stationary point in time. However, one 
of the main results of our paper is that patients with RLS > 10 y 
have more silent SVD than patients with RLS < 10 y despite a 
similar severity of RLS and despite a similar number of PLMS 
per hour. Given this result, it suggests that the statistically 
significant difference in the burden of cerebral SVD between 
subjects with RLS < 10 y and subjects with RLS > 10 y is 
driven by the cumulative effect of RLS, PLMS, or both over an 
extended period of time rather than the severity as measured 
over a brief period of time. From the point of view of PLMS, 
this can be expressed as PLMS per hour × more hours in > 10 y 
than hours in < 10 y = more PLMS and more silent SVD.

The results of our study confirm our initial hypothesis 
that RLS duration is an essential factor to be taken into ac-
count when analyzing the association between RLS and silent 
cerebral SVD, which itself is a known risk factor for the de-
velopment of clinical stroke.6 These results are in agreement 
with a previous study similarly indicating that the duration of 
RLS has an effect on the development of heart disease but our 
study is unique in that it is the first study pointing out such 
a relationship in silent cerebral SVD.7 These results are also 
compatible with one of our other previous studies that showed 
that frank cerebrovascular disease in RLS is also indepen-
dent of other known risk factors for the development of the 
cerebrovascular disease.16   

Detecting a significant association between two morbidi-
ties is not enough to indicate causality and/or directionality of 
the association but discussing the possible physiopathological 
bases of such an association might provide important cues. If 
RLS is a predictor of the development of cerebrovascular and 
cardiovascular disease in the absence of the usual risk factors 

for stroke, as suggested by some of the current literature and 
by this study, the question remains as to how that risk gets 
translated into increased cerebrovascular and cardiovascular 
disease. One intriguing possibility is that nocturnal hyperten-
sion may confer increased risk. PLMS are very frequent in 
RLS9,17 and are accompanied by significant transient rises in 
heart rate18 and blood pressure, which can constitute the basis 
for cardiovascular and cerebrovascular sequelae, constituting a 
sort of intermittent nocturnal hypertensive condition.19,20 Other 
evidence for this nocturnal hypertension in RLS is that RLS 
patients have a nondipping nocturnal blood pressure profile 
which by itself is a known risk factor for cardiovascular and 
cerebrovascular disease.21 Hypertension, in turn, represents 
a major risk factor for lipohyalinotic and microatheromatous 
changes of the small penetrating cerebral vessels,22 which lead 
to the development of lacunar and leukoaraiotic subcortical 
ischemic changes characteristic of microvascular disease,23 as 
evidenced in numerous prior investigations.24,25

However, the search of a mechanism that directly connects 
PLMS to changes in brain hemodynamics has still received 
little attention, probably because of the technical difficulties 
connected with this type of investigation. Nevertheless, an 
interesting study on a limited number of patients carried out 
by means of near-infrared spectroscopy disclosed that PLMS 
are followed by a constant pattern of hemodynamic changes 
constituted by a first small hemodynamic activation pattern 
(hyperoxygenation), followed by a pronounced deactivation 
pattern (hypooxygenation), then followed by another small 
activation.26 Thus, it can be hypothesized that, as a second 
mechanism for the development of stroke in RLS, each PLMS 
is accompanied by a transient predominant brain hypoxia. The 
repeated transient hypoxia, in turn, might alter the biology 
of the penetrating arterioles, given their limited caliber,27 
and might assume a clinical importance, especially in aged 
individuals.

Our data are compatible with the hypothesis that nocturnal 
hypertension or nocturnal hypoxia associated with the PLMS 
could be the driver of the increased burden of cerebral SVD 
seen in RLS in this study. Although we did not directly mea-
sure the increases in blood pressure around the time of PLMS 
in this study as Pennestri et al.28 and Siddiqui et al.20 have done 
previously, our hypothesis is given further strength in that pre-
vious studies show that virtually every PLM is accompanied 
by a rise in blood pressure.20,28,29

This study has some limitations: (1) we could not establish 
the exact duration of RLS in all patients, especially in those 
with RLS that had been troubling them for decades and only 
an arbitrary subdivision of patients into two disease duration 
subgroups was possible. However, we believe that this was the 
most accurate way to determine age of onset since the ages 
of onset were determined retrospectively and trying to deter-
mine more accurate ages of onset would be less reliable and 
subject to recall bias; (2) we were not able to obtain a poly-
somnographic study for all patients and controls; however, 
this was available in more than two-thirds of patients and al-
lowed us to exclude the presence of gross sleep architecture or 
PLMS differences between the two subgroups; and (3) we did 
not recruit clearly hypertensive patients and this did not allow 



SLEEP, Vol. 39, No. 7, 2016 1376 Subclinical Cerebral SVD in RLS—Ferri et al.

us to perform a correlation analysis between blood pressure 
and SVD. However, the strength of the methodology we have 
chosen is that patients were selected to not have any other risk 
factors for stroke other than RLS/PLMS. This allowed us to 
determine the main outcome of the study, which was the rela-
tionship of RLS/PLMS to silent cerebral SVD without the need 
of statistical correction for confounders, such as hypertension.

There is literature to suggest that clinical stroke may lead 
to new-onset RLS.30 However, it is also true that there is lit-
erature suggesting that RLS may lead to hypertension and 
cardiovascular disease.19,31,32 We cannot exclude for certain 
the possibility that silent cerebral small vessel disease leads 
to longer duration of RLS but, given our experimental design, 
this seems less likely than the possibility that longer duration 
RLS leads to a greater burden of silent cerebral small vessel 
disease. Our experimental design was to preselect patients 
with RLS < 10 y and RLS > 10 y and determine the potential 
effect on silent SVD.

In conclusion, our findings support the hypothesis that RLS 
duration is an essential factor to be taken into account when 
analyzing the association between RLS and cerebrovascular 
disease and that a long-lasting RLS might be a risk factor for 
cerebral SVD and potentially for clinical stroke.6 In fact, SVD 
has been associated with recurrent cerebral ischemia,33 con-
current macrovascular atherothrombotic disease,34 intrace-
rebral hemorrhage,35 disability,36 dementia,37 and mortality.38 
Moreover, they indicate the need of accurate epidemiological 
investigations to evaluate the eventual risk of stroke in this dis-
ease and of studies directed at clarifying the eventual patho-
physiology of this association.
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